We used a U.S. model of health care costs to examine the cost effectiveness of enoxaparin compared with unfractionated heparin (UFH) as adjunctive therapy for fibrinolysis in patients with ST-segment elevation myocardial infarction (STEMI).
Background
The ExTRACT-TIMI 25 (Enoxaparin and Thrombolysis Reperfusion for Acute Myocardial Infarction TreatmentThrombolysis In Myocardial Infarction 25) study, a large, randomized, multinational trial, demonstrated a reduction in death or nonfatal myocardial infarction when enoxaparin was used instead of UFH as adjunctive therapy for fibrinolysis in patients with STEMI.
The ExTRACT-TIMI 25 (Enoxaparin and Thrombolysis Reperfusion for Acute Myocardial Infarction TreatmentThrombolysis In Myocardial Infarction 25) study compared enoxaparin, a low-molecular-weight heparin (LMWH), and unfractionated heparin (UFH) as adjunctive therapy for fibrinolysis in patients with ST-segment elevation myocardial infarction (STEMI) (1) . The trial demonstrated the clinical benefit of enoxaparin over UFH, with a 17% relative risk reduction and 2.1% absolute risk reduction of death or nonfatal recurrent myocardial infarction (MI). In addition, there was a reduction in the composite of death, nonfatal reinfarction, or urgent revascularization. While the incidence of major bleeding episodes was increased in patients randomly assigned to enoxaparin, the net clinical benefit of enoxaparin over UFH was shown by the decreased occurrence of the composites of death, nonfatal MI, and important safety outcomes, namely, nonfatal disabling stroke, nonfatal major bleeding, and nonfatal intracranial hemorrhage. The present study evaluates short-and long-term cost effectiveness of using enoxaparin compared with UFH as adjunctive therapy for fibrinolysis in patients with STEMI.
Methods
Design of the ExTRACT-TIMI 25 trial. The ExTRACT-TIMI 25 study (Clinical Trials no. NCT00077792), a large, randomized, double-blind, multinational trial, has been described previously (1, 2) . Briefly, between October 24, 2002 , and October 1, 2005, 20 ,506 patients with STEMI were randomized at 674 sites in 48 countries (Online Table A ) to receive either enoxaparin or UFH as adjunctive therapy to fibrinolytic agents. Study medication was administered in a double-blind fashion with the use of a doubledummy design between 15 min before and 30 min after the initiation of fibrinolysis, and occurred within 30 min after randomization. Patients were eligible if they were at least 18 years of age, had at least 20 min of ischemic symptoms while at rest within 6 h before randomization, had ST-segment elevation of at least 0.1 mV in 2 limb leads or of 0.2 mV in at least 2 contiguous precordial leads or had left bundle branch block, and were scheduled to undergo fibrinolysis therapy with streptokinase, tenecteplase, alteplase, or reteplase. Exclusion criteria were cardiogenic shock, pericarditis, symptoms of aortic dissection, contraindications to fibrinolysis, receipt of a LMWH within the prior 8 h, known renal insufficiency (defined by a serum creatinine level of Ͼ220 mol/l [2.5 mg/dl] for men and Ͼ175 mol/l [2.0 mg/dl] for women), or a life expectancy of Ͻ12 months. The primary efficacy end point was the composite of death from any cause or nonfatal recurrent MI. In addition, 3 net clinical benefit end points were pre-specified in the form of composites of death, nonfatal MI, and important safety outcomes, including nonfatal disabling stroke, nonfatal major bleeding, and nonfatal intracranial hemorrhage. Approval for the study was obtained through the local institutional review board at each participating center. Economic analysis plan and cost assessment. We compared the costs of the 2 interventions and performed an incremental cost-effectiveness analysis (3, 4) . Costs and cost effectiveness were assessed at 30 days and lifetime. Direct medical care costs associated with index hospitalizations, subsequent hospitalizations, and subsequent outpatient procedures were considered in this analysis. Data were not available to calculate the costs of concomitant medication and indirect costs due to lost productivity, but the overall perspective was societal. Thirty-day costs were not discounted because the duration of the trial was Ͻ1 year. Costs beyond the trial period were discounted 3% annually after the first year. All costs used 2004 as the base year. The data collected at 30 days included the details of the index hospitalization, including length of stay, rehospitalizations, major procedures, interventions (for example, cardiac catheterization, percutaneous coronary intervention [PCI] , coronary artery bypass graft surgery, intra-aortic balloon pump, computed tomography scan, and magnetic resonance imaging), and resource use associated with severe adverse events.
The index and subsequent hospitalizations for patients enrolled in the ExTRACT-TIMI 25 trial were assigned a diagnosis-related group (DRG) in accordance with U.S. Medicare diagnostic standards. Costs for each DRG were estimated using average Medicare reimbursement rates obtained from the Medicare Part A data file (5), and physician costs were estimated as a percent share by DRG according to the methods of Mitchell et al. (6) . Outpatient procedures were coded by Current Procedural Terminology, and assigned a cost based on the Medicare fee schedule (Online Table B ). Costs beyond the trial period were estimated as the average per capita participant national health expenditures of $5,219 in 2004 (7) .
Given the high cost differences between enoxaparin and UFH, it is necessary to incorporate the cost of both enoxaparin and UFH in the economic analysis. Therefore, the costs of enoxaparin and UFH were included in the analysis based on the observed utilization in the Ex-TRACT-TIMI 25 study. As per protocol, treatment with enoxaparin lasted a median of 7.0 days (interquartile range [IQR] 4.5 to 7.5 days), and treatment with UFH lasted a median of 2.0 days (IQR 2.0 to 2.2 days). In the enoxaparin group, the initial bolus was 30 mg and the subsequent daily dose was 140 mg until hospital discharge. It was assumed that the treatment was given for an average of 7 days. In the UFH group, the initial bolus was assumed to be 4,000 IU, and the next infusion was 1,000 IU/h for 48 h. The unit prices for UFH and enoxaparin were derived from the prices in 2004. The cost of treatment with enoxaparin was estimated to be $214, and the cost of treatment with UFH was estimated to be $13. Life expectancy estimation. Age-and sex-specific life expectancy was estimated from Framingham Heart Study data (8) . In the event of death, life-years lost (LYL) were obtained by subtracting the in-trial survival times from estimated ageand sex-specific life expectancy estimates for patients with cardiovascular disease (9, 10) . For patients who experienced multiple events of different types during the trial, LYL was estimated assuming a hierarchy of death, stroke, and MI. Average LYL was calculated for both treatment groups, and their difference (UFH Ϫ enoxaparin) yielded an estimate of life-years gained (LYG) with enoxaparin. LYL were discounted 3% annually after the first year. Estimation of cost effectiveness. The cost-effectiveness analysis was performed for periods of 30 days and lifetime. The cost effectiveness was expressed as the incremental cost-effectiveness ratio (ICER), which is the cost divided by LYG. Bootstrap methods were used to estimate 95% confidence interval (CI) for both cost and LYG (11) . To address the uncertainty of the effect of death, MI, or stroke on LYG, traditional 1-way sensitivity analyses were performed by varying LYG by 10%, 20%, 30%, and 40% (12) . Probabilistic sensitivity analysis was conducted to assess the impact of all sources of uncertainty involved in the calculation of cost and LYG (13) (14) (15) . The probability assumptions of effectiveness were derived from American Heart Association statistics (16) and the Cardiovascular Health Study (17) . Monte Carlo simulation was performed to derive the differences in quality-adjusted life-years (QALY) and mean cost between the enoxaparin group and the UFH group. Subgroup analysis and net benefit analysis. Cost and effectiveness analysis were conducted for subgroups, defined according to age, sex, body mass index, prior MI, prior heart failure, diabetes mellitus, prior unstable angina, prior PCI or coronary artery bypass graft surgery, and platelet count. Net benefit analysis (net monetary benefit [NMB] and net health benefit [NHB]) were applied to the 30-day costeffectiveness analysis (18, 19) .
Based on the method proposed by Manca et al. (20), NMB and NHB were calculated at the patient level (21) from patient level data on cost and effectiveness:
where C i and E i are the cost and effectiveness (QALY) at the i-th patient, and is the willingness-to-pay value. Standard regression methods were applied to the analysis of treatment group differences with respect to NMB or NHB.
Because of the multisite, multicountry design of the trial, cost and effectiveness data were essentially clustered; that is, data specific to a given site or country may be correlated (21, 22) . Therefore, multilevel (hierarchical) regression models of net benefit were used to account for the intracluster correlation (ICC) (21, 22) . A 2-level hierarchical model method was applied: country-level and patient-level (23) . An empirical Bayesian shrinkage factor was applied to estimate country-specific cost effectiveness.
To investigate the primary reason for discrepancy between NMB and NHB, the ICC was calculated based on the multilevel regression models. The ICC is defined from the variance components estimated from the multilevel regression models and takes values between 0 and 1 inclusively. It can be interpreted as the percentage of the total variance attributed to between-country variation. While a general ICC for country variation was reported based on the variance component specification, an ICC for each arm of the trial was defined based on the random coefficient specification. A high ICC indicates that the dataset is clustered, which means that variation between countries is an important component of the total variation and that countries differ substantially in measured health outcomes, namely, NMB and NHB, including cost and effectiveness. Values are mean Ϯ SD, n (%), or mean Ϯ SD (n). LMWH ϭ low molecular weight heparin; MI ϭ myocardial infarction.
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Results
Summary of clinical data. Of a total of 20,506 patients who were randomized, 20,479 were included in the intention-to-treat analysis. The patients were well matched for baseline characteristics and were similar to populations studied in contemporary trials of interventions for STEMI (1) ( Table 1 ). In addition, the treatment groups were well matched with respect to concomitant therapy with other guideline-recommended treatments, such as aspirin, betablockers, and inhibitors of the renin-angiotensin system. The majority of patients received all of the above treatments. Treatment with enoxaparin lasted a median of 7.0 days (defined as 24-h intervals after randomization [IQR 4.5 to 7.5 days]), and treatment with UFH lasted a median of 2.0 days (IQR 2.0 to 2.2 days) (1). The median duration of hospitalization for the study population was 10 days (IQR 7 to 17 days). Most patients were treated with medical therapy only; PCI was used in 23.0% of patients (as rescue therapy in 2.8% and as urgent or elective procedure in 20.2%), and coronary artery bypass graft surgery was performed in 2.8% of patients.
The primary end point was ascertained at 30 days in all but 3 patients in the intention-to-treat population. The rate of death or nonfatal MI was 9.9% in the enoxaparin group and 12.0% in the UFH group (relative risk reduction 17%, 95% CI: 10% to 23%; absolute risk reduction 2.1%, p Ͻ 0.001) ( Table 1 ). The beneficial effect of enoxaparin on the primary end point was consistent in the pre-specified subgroups. The treatment benefits of enoxaparin emerged at 48 h, at which time there was a 33% reduction in relative risk (95% CI: 13% to 48%) and a 0.5% in absolute risk reduction of nonfatal MI, as compared with treatment with UFH (p ϭ 0.002). The incidence of major bleeding episodes was increased in the enoxaparin group (2.1% vs. 1.4%, p Ͻ 0.001); however, the net clinical benefit, demonstrated by decreased rates of the composites of death, nonfatal MI, or nonfatal intracranial hemorrhage, was observed in the enoxaparin group (relative risk reduction 17%, 95% CI: 0.10 to 0.23, p Ͻ 0.001; and absolute risk reduction 2.1%). Costs and life-years lost, QALY lost for 30 days and lifetime. Table 2 lists Framingham data on life expectancy by age and sex (8, 24) . The index hospital lengths of stay were 11.3 Ϯ 8.1 days for the enoxaparin group (n ϭ 10,064) and 11.2 Ϯ 8.0 days for the UFH group (n ϭ 10,048; p ϭ 0.64). The costs of the index hospitalization trended lower in the enoxaparin group ($9,620 vs. $9,746, difference: Ϫ$126, 95% CI: Ϫ$295 to $49) ( Table 3 the enoxaparin group had a longer life expectancy ( Table  3 ). The impact of end points on cost was reflected in the cost beyond the trial period and lifetime cost, which were significantly different between the 2 arms. Cost-effectiveness analysis for 30 days and lifetime. Table 4 shows the cost-effectiveness analysis for 30 days and lifetime. Patients in the enoxaparin arm gained an average of 0.12 life-years relative to patients in the UFH arm. At 30 days, the use of enoxaparin in patients with STEMI resulted in a 17% relative risk reduction (95% CI: 0.10 to 0.23) and a 2.1% absolute risk reduction of death or nonfatal MI (p Ͻ 0.001). Roughly 16.1% of all estimates were in the lower right quadrant of the cost-effectiveness plane, indicating a moderate probability of the enoxaparin strategy providing better clinical outcomes without additional cost (dominant), and only 0.06% in the upper left quadrant, indicating a low probability that the enoxaparin strategy provides worse clinical outcomes at greater cost (dominated). At 30 days, the ICER of enoxaparin compared with UFH was $880 per LYG, with 99.1% of observations Ͻ$10,000/LYG, and 99.9% Ͻ$50,000/LYG (Fig. 1) . For lifetime, the ICER of enoxaparin compared with UFH was $5,700/LYG, with 99.9% of estimates falling below the $50,000/LYG threshold.
Similar results were observed when cost per QALY was used to calculate ICER ($4,700/LYG) ( Table 4) (Fig. 2) . The QALYs were estimated on the basis of the different utilities for the quality of life impact of stroke and MI. The utilities were taken from the Cost-Effectiveness Analysis Registry (25) . The utility of a patient suffering a stroke was estimated at 0.6 with a range of 0.4 to 0.8, and the utility of MI was 0.8 with a range of 0.3 to 0.9.
The results for subgroup analysis for 30 days and lifetime, net benefit, and multinational clinical trial data and countryspecific cost-effectiveness analysis are shown in the Online Appendix. Sensitivity analysis for 30 days and lifetime. The life expectancy gain with enoxaparin relative to UFH may be smaller or larger than projected, which would then affect the ICER. To account for this, we varied LYG with enoxaparin systematically by 10%, 20%, 30%, and 40%, and calculated the ICERs associated with these estimates. Over a lifetime, if the estimated LYG with enoxaparin relative to UFH decreased by 10%, 20%, 30%, and 40%, the ICERs would increase from $5,700 to $6,300, $7,100, $8,200, and $9,500 per LYG, respectively (Fig. 3) . In contrast, if the estimated LYG with enoxaparin relative to UFH increased by 10%, ICER ϭ incremental cost-effectiveness ratio; LYG ϭ life-years gained; other abbreviations as in Tables 2 and 3 .
Cost Effectiveness

Figure 1 Cost-Effectiveness Plane for the 30-Day Analysis
Scatterplot of the joint distribution of cost and effectiveness differences in the cost-effectiveness plane for the 30-day analysis. UFH ϭ unfractionated heparin.
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Cost Effectiveness of Enoxaparin in STEMI 20%, 30%, and 40%, the ICERs would decrease from $5,700 to $5,200, $4,800, $4,400, and $4,100 per LYG, respectively. For QALYs estimated based on the different utilities for the quality of life impact of stroke and MI, the ICER would be $4,700 per QALY gained. The ICERs range from $3,400 to $7,900 per QALY gained by assuming additional 10%, 20%, 30%, and 40% increase or decrease of LYG with enoxaparin relative to UFH (Fig. 3) . The characteristics of variables used in the probabilistic sensitivity analysis are shown in Table 5 . The distributional assumptions of the cost data were based on the actual data in this study, and their ranges come from relevant literature (14, 15) . Probabilities of effectiveness were derived from American Heart Association statistics and other cardiovascular studies (26, 27) . The contour plot of simulated distribution of mean differences in cost and effectiveness in QALYs based on the probabilistic sensitivity analysis over a lifetime is shown in Figure 4A . The plot of the joint posterior illustrates the positive dependent correlation between mean differences in cost and effectiveness in QALYs. The ellipses indicate 50%, 95%, and 99% CIs of the simulated lifetime ICERs. It reveals that the lifetime QALY gained could range from 0 to about 1 year for the enoxaparin compared with the UFH group, and the cost for the enoxaparin group would vary from about the same to $5,000 higher, compared with the UFH group, indicating a more effective strategy at a higher cost.
The cost-effectiveness acceptability curve (Fig. 4B) shows that the variation in this sensitivity analysis was greater than noted purely by the play of chance in the base case (Fig. 2) , and that there was about 90% probability of the enoxaparin being cost effective at the $50,000 threshold. Taking into account a number of different probabilities for variables in the cost-effectiveness analysis, the posterior probability is 0.96 that enoxaparin is more effective, 0.06 that it costs less, and approximately 0.03 that it dominates UFH.
Discussion
We performed the first cost-effectiveness analysis of the ExTRACT-TIMI 25 trial. When thrombolytic therapy is used in the setting of STEMI, enoxaparin is both effective and cost effective compared with UFH, with an ICER of $5,700/LYG and 99.8% of estimates falling below the $50,000/LYG benchmark (28, 29) . A strength of our analysis is the fact that patient-level data were used directly from the ExTRACT-TIMI 25 trial. In addition, the sensitivity analyses for 30 days and lifetime confirmed the robustness of the results. To account for uncertainty in the input variables in the cost-effectiveness calculations, probabilistic sensitivity analysis was performed, providing a more comprehensive approach to sensitivity analysis than traditional 1-way and multiway analyses, and confirming the high probability that enoxaparin is cost effective.
The use of enoxaparin, as compared with UFH, as adjunctive therapy for fibrinolysis in patients with STEMI results in reduction of death or nonfatal recurrent MI and reduction in the composite of death, nonfatal reinfarction, or urgent revascularization (1) . Net clinical benefit of enoxaparin over UFH was demonstrated by reduction in the rates of composites of death, nonfatal MI, nonfatal disabling stroke, nonfatal major bleeding, and nonfatal intracranial hemorrhage in the enoxaparin group, despite a higher incidence of major bleeding episodes among patients randomly allocated to enoxaparin. Subsequent analyses have shown that this strategy reduces death and recurrent MI in patients who achieve early ST-segment resolution after thrombolytic therapy (30) . The clinical benefits of using enoxaparin instead of UFH as adjunctive therapy for fibrinolysis in patients with STEMI appears to be independent of the lytic choice and has been observed with fibrin-specific lytics as well as with streptokinase (31) . Concomitant treatment with clopidogrel does not reduce these benefits (32) . The net clinical benefit of this strategy has also been shown in patients with renal dysfunction (33) . In addition, Figure 2 Cost-Effectiveness Plane and Acceptability Curve for the Lifetime Analysis
Scatterplot of the joint distribution of cost and effectiveness differences in the (A) cost-effectiveness plane and (B) acceptability curve for the lifetime analysis. ICER ϭ incremental cost-effectiveness ratio; UFH ϭ unfractionated heparin.
the use of enoxaparin was associated with decreased incidence of death or recurrent MI in those patients who underwent subsequent PCI (34) without an increased risk of bleeding complications. Women appear to have similar relative and greater absolute risk reductions than men when enoxaparin is used with lytic therapy (35) . Elderly patients gain benefits from this strategy that are similar to those for younger patients (36) . Study limitations. ExTRACT-TIMI 25 was a multinational trial with few patients enrolled in the U.S. We applied U.S. costs to trial-wide hospitalizations on the basis of DRGs. This method may not fully account for potential differences in treatment practices and resource use between countries or health care systems. A large proportion of patients came from countries like the Russian Federation (2), where the threshold for hospitalization may be significantly different from that in a U.S. hospital, and physician costs may be underestimated or overestimated. In addition, in the U.S., most patients with STEMI would undergo primary PCI, rather than fibrinolysis. Cost-effectiveness analyses have also been conducted Tables 1 and 3. 1277 JACC Vol. 54, No. 14, 2009 Marcoff et al. September 29, 2009 September 29, :1271 Cost Effectiveness of Enoxaparin in STEMI based on a different costing system for Canada, Italy, and Spain, and the results indicate similar conclusions. We used the Framingham study data, an external database, to estimate life expectancy. The Framingham database may not reflect multiple advances in medical care, specifically in cardiovascular medicine, that have occurred since that database was created. The life expectancy estimated in our analysis may not include the potential mortality benefits of contemporary therapy. This strengthens our results by making them more conservative. In addition, use of enoxaparin as an adjunct to fibrinolysis for STEMI remains favorable after application of various assumptions in estimating lost life expectancy due to death, MI, and stroke, which makes the results of this economic analysis robust.
Characteristics of Variables in the Analysis of Probabilistic Sensitivity Analysis
Conclusions
The cost-effectiveness analysis of the ExTRACT-TIMI 25 trial data shows that, using a U.S. model of health care economics, the strategy of using enoxaparin instead of UFH as adjunctive therapy for fibrinolysis in patients with STEMI is cost effective according to commonly used benchmarks. 
